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Project background

Metabolic reprogramming is pivotal in sustaining malignant characteristics, such as rapid proliferation and
invasion, within hostile tumour microenvironments, collectively called metabolic phenotypes. This proposal builds
upon our recent Nature publication (Nwosu and Sadanandam et al., 2023), unveiling that pancreatic ductal
adenocarcinomas (PDAs) rely on an alternative nutrient source, uridine, alongside glucose. Additionally, we were
pioneers in demonstrating the heterogeneity of PDAs, identifying three distinct subtypes based on gene expression
profiles (Collisson, Sadanandam and Colleagues, Nature Medicine, 2011)

Our compelling preliminary data, derived from large-scale Phenotypic Microarrays (Biolog technology), suggest
that PDAs exhibit differential nutrient dependencies akin to metabolic addictions. While our previous work
identifies a specific transcription factor as a potential metabolic regulator in PDA subtypes, little is known about
the impact of alterations in multiple nutrient dependencies on tumour evolution and metabolic phenotypes,
mirroring our research in pancreatic neuroendocrine tumours (Sadanandam et al., Cancer Discovery 2015).

To address this gap, we aim to decipher metabolic dependencies in PDA using a comprehensive resource toolkit.
This toolkit includes 20 human PDA cell lines and two non-malignant cell lines, serving as in vitro subtype models.
We have meticulously generated extensive qualitative and quantitative metabolomics, proteomics, transcriptomics
and phenomics (>40 drugs) data at bulk, single cell and spatial levels.



Our research endeavours to unravel how nutrient-dependent changes impact tumour evolution and metabolic
phenotypes within PDA subtypes, leveraging our well-characterized cell models and multi-omics datasets.

Project aims

Specifically, we will execute the following aims:

Aim 1. To systematically characterise the metabolic dependencies, intrinsic transcriptomic, (phosphor)proteomic
and drug response of PDA subtypes using integrated multiomics-phenome analysis and artificial
intelligence/machine-learning (Al/ML).

Aim 2. To validate the findings from Aim 1 in patient samples (>700) and ex vivo models (organoids/explant
cultures).

Aim 3. To establish the role of PDA subtype-specific critical metabolic regulators and test potential therapies.

Research Proposal

Aim 1 will provide a comprehensive understanding of the intrinsic transcriptomic and metabolic dependencies of
PDA subtypes. The expected outcomes include:

e Identification of distinct functional subtypes of PDA.

e Discovery of regulatory genes/proteins influencing metabolite uptake and phenotypic changes.

e Validation of metabolic dependencies using carbon-13 flux analysis.

e Insights into how PDA subtypes utilise different carbon nutrients and adapt to the microenvironment.

Aim 2 involves the validation of findings from Aim 1 in patient samples at both bulk and single-cell levels, as well as
validation in ex vivo models (explants and organoids). Here are the specific expected outcomes for each of the
three components outlined in Aim 2:

e Validation of functional subtypes in bulk and single-cell data using transfer learning Al/ML methods.

e Identification of cell types associated with functional subtypes using single cell and spatial analysis.

e Validation of metabolic dependencies in ex vivo models.

e Provides robustness of the findings from Aim 1 and potential translational opportunities.

Aim 3 aims to establish the role of subtype-specific genes in metabolic regulation and test potential therapies. The
expected outcomes encompass:

e Confirmation of the importance of subtype-specific genes in metabolic/phenotypic dependencies.

e Evaluation of the therapeutic potential of targeting specific pathways in PDA subtypes.

e Insights into novel therapeutic strategies tailored to PDA subtypes, potentially leading to subtype-specific
treatments.

Overall, these aims aim to advance our understanding of PDAC, paving the way for personalised therapeutic
approaches that target the specific molecular and metabolic characteristics of different PDA subtypes.
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Candidate profile

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1).
Pre-requisite qualifications of applicants: M.Sc.

Intended learning outcomes: The learning outcomes for the student are:

a) understanding the basics of metabolism, cancer,
machine learning and personalised medicine,

b) get trained in interdisciplinary field of computational
genomics to learn bioinformatics, statistics and
mathematics and how to apply to above cancer project
and

c) learn single cell sequencing and animal experiments
and handling of high-dimensional data (RNAseg/exome)
from cancer field.
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